Escherichia coli is the most common gram-negative organism associated with bacteremia. While recurrent E. coli urinary tract infections are well-described, recurrent E. coli bacteremia appears to be uncommon, with no episodes noted in multiple series of patients with gram-negative bacteremias. We report on 5 patients with recurrent bloodstream infections identified from a series of 163 patients with E. coli bacteremia. For each patient, the isolates from each episode were analyzed by pulsed-field gel electrophoresis (PFGE) and ribotyping and for the presence of E. coli virulence factors. For each of four patients, the index and recurrent episodes of bacteremia represented the same strain as defined by PFGE, and the strains were found to carry one or more virulence factors. The remaining patient, with two episodes of bloodstream infection separated by a 4-year interval, was infected with two isolates that did not carry any virulence factors and that were clonally related by ribotype analysis but differed by PFGE. All five patients had either a local host defense defect (three patients) or impaired systemic defenses (one patient) or both (one patient). Thus, recurrent E. coli bacteremia is likely to represent a multifactorial process that occurs in patients with impaired host defenses who are infected with virulent isolates.
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Escherichia coli is the species that most frequently causes gram-negative bacteremia. In numerous reports describing the clinical and microbiological aspects of this disease, the frequency and nature of recurrent bacteremia have not been addressed (8, 13, 22) . Several studies suggest that bacterial factors may be predisposing factors to the persistence of virulent strains in patients or the environment. For example, isolates obtained in cultures of perineal samples from women with symptomatic urinary tract infections (UTIs) at various times posttreatment typically have the same 0 serotype as the prior urinary tract isolate (9) . In an outbreak of urinary tract disease within a neonatal unit, the epidemic strain, a P-piliated E. coli serotype 06:K5 strain, was also cultured from the feces of the hospital staff (20) . We recently observed that four of nine patients who failed therapy for UTIs had a recurrent episode with the original adhesin-positive strain of E. coli, as determined by analysis of the chromosomal DNAs of the isolates (11) . Here we report on 5 patients with recurrent E. coli bacteremia identified during a prior study of E. coli sepsis in 163 patients at two hospitals (16) and discuss the patient and bacterial factors associated with recurrent disease. 
MATERIALS AND METHODS
Bacterial isolates. Isolates of E. coli were obtained from routine patient blood cultures submitted to the clinical microbiology laboratories at BVAMC and LVAMC. At each institution, E. coli isolates from distinct episodes of bloodstream infection during the study period were collected prospectively. Bloodstream isolates of E. coli cultured within a 2-week interval were considered to represent the same episode of bacteremia.
Genotypic analyses. For each isolate, whole cellular DNAs from the bacteria were prepared and digested with EcoRI (New England Biolabs, Beverly, Mass.) (18) . Dot blots and Southern transfers of EcoRI-digested DNA transferred to nylon membranes were prepared as described previously (15, 16) . DNA homologous to the adhesins pap (which encodes for P pili), sfa (S pili), afa (afimbrial adhesin AFA), and bma (M adhesin) and the E. coli a-hemolysin hly were detected by probing the dot blots as described previously (16) . Detection of aerobactin was performed by probing the dot blots with the 6.9-kb EcoRI-BamHI fragment of pABN1, which spans the entire aerobactin operon (pABN1 was kindly supplied by Stephen Opal) (5) . Polymorphisms associated with the E. coli ribosomal operon (ribotypes) were detected after probing the Southern blots with the 7.5-kb BamHI fragment of pC6, which contains the entire rrnB ribosomal operon (15 (Fig. 1) . The isolates from these four patients were positive for one or more virulence factors (Table 1) ; the index and recurrent isolates from each patient carried the same virulence factors. For each of these four patients, the ribotypes of the index and recurrent isolates were identical (patients 2 to 4) or differed by a single band (patient 5), which is consistent with a single genetic event (Fig. 2) . PFGE or ribotype patterns differing by only a single band shift are consistent with two independent isolates of the same strain (17) . For the remaining patient (patient 1), the index and the subsequent bloodstream isolates represented different strains, as indicated by the PFGE analysis. Neither isolate carried any of these virulence factors; however, they were genetically related, as indicated by ribotypes that differed by a single band shift. Thus, in each of four patients, the multiple episodes of bacteremia represented relapsing disease, i.e., recurrence with the same strain, and the isolates were positive for one or more virulence factors, while the fifth patient had multiple episodes of bloodstream infection with genetically related strains that lacked such factors and that represented reinfection.
Multiple patient factors were examined for their roles in predisposing to the patients recurrent infection. Defects in local host defenses were present in four patients: one with abnormal biliary drainage following a Whipple procedure (patient 1), one with vertebral adenocarcinoma (patient 2), one with abnormal urinary tract drainage status post renal transplantation (patient 4), and one with abnormal clearance mechanisms because of neurologic deficits (patient 5). Defects in systemic host defenses were present in two patients, one (4, 12, 16 (2, 14) , and c intubation, acute cholecystitis, and surgical proc been implicated in the development of E. coli bacd other primary foci (16) . Additionally, in our prior study (16) we observed that defects in systemic host defenses associated with impaired leukocyte function, e.g., advanced liver disease, renal failure, and immunosuppressive therapy for renal transplanta--12 kb tion, were independently associated with the development of E. coli bacteremia. -9kb
Although E. coli bacteremia is associated with significant mortality (13) , none of the five patients reported here died as -kb a result of acute sepsis, and only one patient died during any of the hospitalizations related to an episode of bloodstream infection. This is consistent with the observation that the mortality associated with gram-negative bacteremia correlates primarily with the presence of comorbid illnesses (13, 16 ). -2 kb Bacterial adhesins and hemolysin have been implicated in the pathogenesis of acute E. coli infections (2, 4, 12, 16) . In particular, the adhesins pap, sfa, and afa have been associated with acute UTI and bacteremia (2, 4, 16) , and sfa has been associated with neonatal meningitis (12) . The presence of hemolysin may result in the increased virulence of adhesinof the isolates positive strains (21) . In addition to conferring a colonization e isolates from advantage, P-piliated and hemolytic strains of E. coli may isolates from inhibit normal leukocyte killing of the bacteria (7, 19 (1) . In a study of stool ;hat facilitate colonization of a single individual whose stools were cultured ,cribed here, repeatedly over an 11-month period, multiple distinct strains of 1L or systemic E. coli (as determined by multilocus enzyme electrophoresis) isms from all were detected at least once, but only two strains were resident a caused by a in the bowel over the entire sampling time (6) . Since the strains n associated of E. coli resident in the bowel are relatively stable over prolonged periods, it is likely that the two episodes of bactepredisposing remia represent independent events resulting from genetically sample, vesirelated bowel flora. Although these strains were adhesin hypertrophy, negative, the same ribotype was detected in 11 other isolates predisposing (only one of which was adhesin positive; none were hemolysin endotracheal positive) from epidemiologically unrelated patients at -edures have LVAMC and BVAMC. Thus, isolates with this genetic lineage teremia from may have increased capacities for invasion and persistence resulting from the presence of factors other than bacterial adhesins.
In conclusion, although recurrent E. coli bacteremia is uncommon, we observed that in most such patients, recurrent sepsis represented relapsing infections caused by the index strain. On clinical review, these patients typically had anatomic defects associated with abnormal local host clearance nmechanisms, systemic immune defects associated with impaired leukocyte function, or both types of defects. In addition, most isolates that caused recurrent bacteremia carried one or more adhesin operons. We conclude that patients with recurrent E. coli bacteremia be considered as subjects of investigations of such host and bacterial factors. Appropriate management for the prevention of further recurrences might include treatment directed at the comorbid host pathology, prolonged courses of antibiotics, and possibly, specific regimens designed to eradicate the virulent strain from the commensal flora.
